acid. The intuitive leap was that Adolf Lorenz, aware of the newly developed concept of 'embryonic induction' put forward by experimental embryologists, reasoned that if the femur could be held tightly against the appropriate place on the pelvic girdle of the growing child for a sufficient length of time, the socket could be induced to grow properly around the ball joint. He therefore devised a cast to hold the femur in the correct position. The success of this 'bloodless surgery' established Adolf Lorenz as an international figure. Eventually, in 1896, he went to the U.S.A. to perform the operation on the daughter of J. Ogden Armour, the Chicago meatpacker for a fee of $200 000, a considerable sum at that time.
This fee, and later lucrative assignments of the same type, including curing a child of the King of Egypt, enabled Adolf to fulfil his ambition of building a grandiose house to extend and transform the small inn he had purchased in the village of Altenberg about 20 km north of Vienna, on the south bank of the Danube. It was in this newly built mansion, referred to by Adolf as 'Lorenz Hall', that Konrad was brought up. (The Lorenz family also owned a large flat in Vienna and spent at least part of the winter in town and the summer in Altenberg, Adolf commuting by train or car into town.) The house was built in a self-important, ostentations style, combining elements of Italian renaissance, 19th-century baroque and Jugendstil. The huge central hall, almost dwarfing the rest of the house, was decorated with a combination of heavily carved wooden columns and balconies (reached by a sweeping curved staircase), orange marble pillars and Italianate 'frescos' of classical scenes. The artist was asked to provide some of the figures on the dining-room ceiling with faces of the Lorenz and Lecher families, and in the hall there is an unflattering picture of a tearful young Konrad in one of the frescos. It was a Lorenz family joke that the architect was actually sent off to an asylum shortly after completing the house.
The large house, set in extensive grounds within a few minutes' walk of the wilderness of the Danube marshes and riverine forests, provided an ideal setting to nurture the young Konrad's early interest in keeping pets. Although his father was apparently rather remote and authoritarian, a great variety of pets were tolerated in the house. Konrad kept both tropical and local fish species, amphibians and reptiles as well as invertebrates from the Danube. He especially enjoyed hand-raising birds, and then allowing them to fly freely around the house and garden. Among the more unusual species raised were night herons, ravens, little grebes and an eagle. His first dog was a bulldog (to be followed by many other dogs throughout his life) and he also kept several more exotic pets including a crocodile, a lemur, a dingo and cockatoos. His parents seem to have played a relatively small role in coping with these pets and indeed with bringing up Konrad, who was predominately looked after by a nanny and by his aunts.
It seems very likely that these early years, between the ages of about five and ten were important in establishing for Konrad the beginnings of the methods he would use in later life for research. Much of his scientific work was based on observing small groups of tame or semi-tame animals living in and around his house or laboratory.
Konrad's formal education began at the age of six in a private Viennese prep school, from which he moved at the age of 11 to the Schottengymnasium, a well-respected private secondary school at which the offspring of the upper echelons of Viennese society were educated. He was an above-average pupil, especially in science. World War I started at this time. In addition to the disruption of day-to-day life for the Lorenz family, the hyper-inflation that followed immediately after the War destroyed Adolf Lorenz's fortune, although he did slowly re-establish his wealth, partly by further work in America, doing yearly tours of lectures and demonstrations.
At the time Konrad finished his secondary-school education he came into conflict with his father over two matters, his career intentions and his association with a young woman, both o f which were deemed unsatisfactory by the patriarch. Adolf Lorenz was adamant that Konrad should abandon his by now firmly established interest in zoology and get on with a proper career, namely medicine. He was equally adamant that Margarethe (Gretl) Gebhardt, the daughter of a market gardener and florist from near Altenberg, with whom Konrad had been friendly since the age of three and showed no sign of giving up, was an unsuitable match for the son o f a distinguished doctor. Both arguments were settled at one stroke by sending Konrad to Columbia University, New York to enrol as a medical student and forget about Gretl. The ploy did not work. Within a few months Konrad had defied his father by saving up enough money from his allowance to pay the steamship fare back to Europe after only one term at Columbia.
The only noteworthy scientific incident from this brief interlude in the U.S.A. was that Konrad met the geneticist, Thomas Hunt Morgan, whom he had approached, without knowing the great man's reputation or research, for help with identifying specimens collected in the vicinity. During his stay in New York, he also found time to indulge in his considerable aptitude for drawing and painting animals. It is a matter of speculation why Konrad left Columbia so quickly, but one can imagine that it would not have been easy for a young man with relatively little command of English and a strong German accent to become integrated into student society in post-World War I America. In addition he probably missed Gretl.
MEDICAL TRAINING AND EARLY PUBLICATIONS ON BIRDS
Back in Vienna, Konrad acceded to his father's will and enroled as a medical student (1923) (1924) (1925) (1926) (1927) (1928) , but specialized in comparative anatomy, which allowed him to pursue his zoological interests while satisfying his father. The Director of the 2nd Anatomical Institute in Vienna, Ferdinand H ochstetter, taught, among other things, the principles o f reconstructing phylogenies from comparative anatomical data, a technique that Konrad later applied to behaviourial traits. Having finally succeeded in breaking his father's aversion against marriage to Gretl, Konrad and she were engaged, and she enroled as a medical student. Konrad, by this time a junior demonstrator, consequently taught her in anatomy classes. They married in 1927 and in the following year, when Konrad completed his medical degree and, instead of becoming a doctor, worked as a part-time assistant to Hochstetter, their first child, Thomas, was bom. The son was followed by two daughters, Agnes, bom in 1930 and Dagmar (1941) .
During his medical training and after his marriage, Konrad continued to live at home, either in the parental flat in Vienna or in Altenberg, where he kept and observed animals. In an observation that was to become famous later on, he saw a hand-raised starling flying up to the ceiling of his parents' flat, catch an invisible insect, return to its perch, kill the insect by flicking the bill against the perch, and finally swallow it. After careful inspection, Konrad was convinced that there had, in fact been no flies on the ceiling at all (it was in mid-winter), and this observation along with other equivalent occurrences, was often used to illustrate his claim that so-called 'instinctive behaviours' can appear spontaneously, w ithout any appropriate external stim ulus, as 'vacuum activ ities' if sufficient 'action-specific energy' had built up inside the animal. This anecdote illustrates a general feature of Konrad's empirical research. He rarely did replicated, controlled experiments, but reached conclusions, sometimes correct and sometimes, with the benefit of hindsight, probably incorrect, on the basis of careful and detailed observation of the spontaneous behaviour of animals living around him. An unwitting but apt comment was made many years later, at Seewiesen, by F. Schutz, who once asked Konrad during a seminar: 'Is that something that actually happens or is it just something you saw?' Konrad's first scientific paper (1)* was published in 1927 when his fiancee and his friend Bernhard Heilman conspired to submit Konrad's diary about a tame jackdaw to the Journal fur Ornithologie. Further work on the behaviour of jackdaws followed in a much longer paper in the same journal in 1931, based on observations of a colony of jackdaws established by Konrad on the roof of the Altenberg house. These two works obviously established at least a Central European reputation for Konrad, because in 1932, when the German Ornithological Society held its annual meeting in Vienna, a special outing to the 'Ornithological Research Station, Altenberg' was organized. Adolf Lorenz's continuing displeasure at his younger son's activity found an outlet in a short welcoming speech to the visitors in which he expressed the view that the only good bird was one on the table ready to eat. He was nevertheless proud of the fact that one of the visitors was King Ferdinand of Bulgaria! Remarkably, Konrad continued to be content to live in his parental home on a very meagre income. Although his main interest was in animal behaviour, he became an ardent motorcyclist, to the extent of being offered a contract as a professional racing driver. He also restored a small steam launch (ex-Austrian Navy) and acquired a river-boat captain's licence. At the same time, he became increasingly involved with the Zoology Department, and enroled there for his second doctorate, as a mature student, and submitted a thesis on bird flight in 1933. He kept his position as an assistant in the Second Department of Anatomy, however, until Hochstetter retired in 1935. Although his thesis, which was published in Journal fur Ornithologie (5, 6) , was a seminal piece of work on the adaptive morphology of bird wings, it has unfortunately had little lasting impact (J. Rayner personal comment). However, the papers published between 1935 and 1940 included (in addition to his ('habilitation' on animal nerves of the swift (10)) many of the most important works (9, 12, 13, 17, 19, 20) of his career and laid the foundation for much of his subsequent writings. It is the work of this period that justifies the assertion that Lorenz was the ' Founder of modem ethology'. ★ Numbers in this form refer to entries in the bibliography on the accompanying microfiche.
In these papers, we see Konrad's development of the concepts of imprinting, instinctive behaviour and evolutionary phylogeny established by comparative behaviour studies. Also, as the result o f his growing international reputation and the growing international body of ethologists in Europe, Konrad published his first piece of co-authored work (17), with Niko Tinbergen, a lecturer in zoology from Leiden. As has been often pointed out (e.g. Tinbergen 1988) , the approach and skills of Lorenz and Tinbergen were truly complementary. Lorenz observed semi-tame animals with great care, patience and insight until he was able to reach conclusions. Tinbergen, although also a skilled and careful observer, placed more emphasis on experimental tests of ideas and exclusion of alternative interpretations; he also liked to work on animals in their natural environment rather than keeping them in semi-or total captivity.
The two worked, during the spring and summer of 1937, on the behaviour of greylag geese, which had become Konrad's favoured study species by that time. They did their classic text-book experiments on 'egg-rolling' and on 'the haw k-goose' model. In the former, they showed that once initiated, the behaviour o f an incubating female goose in retrieving an egg by rolling it with the underside of the bill back into the nest, would continue in a normal pattern even if the egg was removed part way through. This illustrated with great clarity and incisiveness the principle that some behaviour patterns are performed in a rather stereotyped way once initiated, independent of feedback from external stimuli (so-called 'fixed action patterns'). The hawk-goose experiment demonstrated that young turkeys flee from silhouette model of a bird 'flying' overhead provided that the model has certain key properties, for example a short neck and a long tail, that are common denominators of hawks, but not if the model has other properties, such as a long neck and short tail, not characteristic of enemies. The same model could thus evoke dramatically different responses if flown over the turkeys in mirror image orientations. This demonstrated the concept of 'sign stimulus', the elements of the total stimulus situation that play a key role in eliciting behaviourial responses.
In the following sections we describe in more detail the major concepts developed by Konrad in the 1930s and the present-day impact of these ideas.
THE KEY IDEAS FROM THE 1930S

Imprinting
Although Konrad was not the first to study imprinting (Thorpe 1979) , he was the first to put it on the map as a phenomenon of importance to be studied by ethologists. In fact for him it was as much a method of taming animals (especially geese) for study as it was a separate object of study. Imprinting, in the sense used by ethologists, refers to cases of learning in which experience in early life affects later social and sexual preferences. In other words it involves learning to recognize social and sexual partners. From a very early age, Konrad had observed that ducklings exposed to him from shortly after hatching followed him around and behaved to him as though he were their mother. Subsequently, this kind of imprinting of offspring on parent became known as filial imprinting, to distinguish it from the related but not identical phenomenon of sexual imprinting. His cumulative observations of imprinting led him to make the following claims about the process. 1. Imprinting occurs only during a restricted 'critical phase' during early development (in geese, one or two days after hatching). 2. It is rapid and irreversible: imprinting requires in some instances as little as a few hours', (or minutes' in extreme cases) exposure and once an individual is imprinted on one stimulus its preference for that kind of stimulus remains immutable. 3. It affects later sexual as well as immediate filial responses. 4. It occurs without any reinforcement in the traditional sense. 5. The characteristics of the imprinting stimulus that are learned are supra-individual; in other words a gosling imprinted on one human will generalize to others and treat them as a parent.
As we have already discussed, Lorenz did not base his conclusions on experimental evaluation of alternatives, so it is not surprising that in most aspects, his claims have shown to be partially or totally incorrect, but in broad outline his account of imprinting is recognizably similar to the present-day view, established after many hundreds of experiments and publications (see Bateson 1990; Hess 1973) . The changes in our description of imprinting since the 1930s include the recognition that the critical period is not so sharply defined as originally thought; that sexual imprinting takes place over a longer time period than does filial imprinting and may well be a separate process; that filial (but perhaps not sexual) imprinting is not irreversible, especially when the original imprinting stimulus is an artificial object such as a flashing light (Horn 1985) ; and that individual characteristics of the imprinting stimulus are learned.
The wider and lasting significance of the phenomenon of imprinting extends far beyond the demonstration that gosling follow a substitute mother figure.
Although Konrad originally characterized imprinting in terms of early experience and social responses of precocial birds, in the broad sense of limited early experience having long-lasting effects on later behaviour, imprinting has been shown to be important not just in the development of social and sexual responses of birds and mammals, but in other aspects of behaviour such as food and habitat preferences. The acceptance of imprinting in every day thought of behaviourial scientists has also modified attitudes towards the long-term effects of early experience on human socialization, for example in the writings of psychiatrists such as John Bowlby.
All of Konrad's writings from the 1930s must be viewed against a backcloth in which a major influence in North American studies of animal behaviour was 'behaviourism'. The notion that animal behaviour could be fully explained in terms of learned stimulus-response associations driven by reinforcement was seen as a powerful explanatory framework. Imprinting as a form of learning did not fit easily into this schema, partly because of the absence of reinforcement to drive the learned association and partly because the rapidity and restricted timing of imprinting seemed to set it apart from other kinds of learning. It is still not clear, 55 years later, whether or not imprinting is different in kind from other sorts of learning and if so at what level. It shares certain properties, such as blocking, but on the other hand it can be dissociated from discrimination learning by brain lesions. Imprinting also has affinities with latent learning, in which, for example, a rat learns about the properties of a maze through exploration without any obvious reinforcement, but differs in that imprinting is restricted to certain periods of development and is quite resistant to subsequent change. Thus the importance of imprinting in the context of animal learning is that it raises the question of whether or not animal learning is a unitary phenomenon and to what extent their may be evolutionary specializations of memory (Sherry & Schachter 1987) .
The rapidity of filial imprinting, and its easily measurable consequence (the 'following response') led to its adoption as a model system for studying the neural substrates of learning and memory (Horn 1985) . Although far from Konrad's own approach and interests, this work can be traced directly to the fact that Konrad put imprinting on the map.
The theory o f instinct
Konrad's second major achievement of the 1930s was to formulate a comprehensive theory of instinctive behaviour. The view of the behaviourist tradition, that animals start life as a tabula rasa and learn by trial and error, behaviour being moulded largely or entirely by contingencies of reinforcement, did not map at all readily on to Konrad's detailed observations of behaviour under semi-natural conditions. What impressed him and others who had done similar work was that many aspects of behaviour, even quite complex coordinated sequences such as hunting for and capturing prey, appear during development in more or less perfect, species-characteristic, form without any obvious practice. In other words, many kinds of behaviour could be described as innate or inborn (it is worth noting as an aside that the term 'innate' is used by different people to mean different things. Lorenz originally used it to mean that a behaviour pattern arose independently of developmental experience). Furthermore, Konrad observed that these behaviour patterns, far from being passive responses to stimuli impinging on the animal, appeared to have their own internal 'drive' or motivating energy. An extreme expression of this was the occurrence of vacuum activities, such as that o f the pet starling hunting for non-existent flies (see above), which Lorenz interpreted as the internal specific drive for an activity building up to a sufficient level for the behaviour to appear even in the absence of appropriate stimuli. The usual situation, however, was for innate behaviour patterns to be released by appropriate stimuli, themselves recognized innately and more or less specifically triggering a particular kind of behaviour.
To summarize, the Lorenzian model of instinctive behaviour included four main ideas. 1. Innate or inborn patterns. 2. Species-specificity, and stereotypy o f these innate fixed action patterns. 3. Specific drives (action-specific energies) that cause the behaviours to occur in a coordinated adaptive sequence. A coordinated sequence generally consists of a preliminary, variable (perhaps learned) 'appetitive phase' followed by an innate, stereotyped 'consummatory act', the performance of which uses up the specific drive, leading to a quiescent phase until drive builds up again. 4. Sign stimuli ('releasers') that are recognized by adaptively specialized sensory mechanisms ('innate releasing mechanisms') and elicit a sequence of behaviours or the consummatory fixed-action pattern.
Take the example, referred to earlier, of a goose rolling an egg back into its nest to illustrate these points. In the Lorenzian model, the motor pattern of egg-rolling is an innate, consummatory, fixed-action pattern under the control of the incubation drive. It is species specific and stereotyped and once elicited proceeds, as described earlier, more or less independently of external stimuli. It is elicited in the first instance by specific sign stimuli (an object of a particular size and shape close to the nest) and is preceded by, and intercalated with, a variable appetitive phase in which the goose orients towards the egg and places its bill in the appropriate position to roll the egg into the nest.
As with all important scientific developments, Lorenz's theory of instinct clearly drew inspiration from earlier writings including those of Wallace Craig (1918) , Heinroth (1911 ), von Uexkull (1909 and probably the thinking of Freud. His particular debt to Oskar Heinroth, Director of the Aquarium at the Berlin Zoo, is beautifully documented by the published correspondence between the two zoologists, consisting of more than 150 letters (many lengthy) exchanged between 1930 and 1940. The letters, some of them exquisitely illustrated with Konradian cartoons, show how he tested out many of his ideas and observations on Heinroth, as well as asking him for technical advice on hand-raising and keeping animals. In spite of his debt to earlier and contemporary workers, Konrad's theory of instinct was a highly original intellectual tour , procuring a coherent framework that could explain many observations of natural behaviour of animals. It was immensely richer in concept, heuristic value and explanatory power than its major rival of the time, the behaviourist framework.
Nowadays virtually all the details of the Lorenzian theory have been discarded. This is partly because the theory was to some extent a polemic device to argue against the behaviourist position, a debate that Lorenz and his followers won, and partly because his ideas generated a great flowering of ethological research in the period 1940-65, the outcome of which was that the original ideas were superseded. The lasting contribution is not in the structure of the theory itself, but in the underlying assumption that there are inborn adaptive differences between species in behaviour. This is now so widely accepted that it is no longer an issue for debate. For example in the modelling of the evolution of altruistic, sexually selected and other traits by behaviourial ecologists and sociobiologists, the fact that there are inborn differences in behaviour is not questioned. Emphasis has shifted to asking how, given that there are inborn differences, evolution by natural selection is likely to proceed.
The two major controversies that developed from the theory of instinct relate to the notion of innate behaviour and to the concept of specific drive as a causal agent.
The nature-nurture debate is a recurrent theme in behaviourial biology and Konrad was brought to task in the early 1950s for his concept of 'innate'. The attack, which was led by the American D.S. Lehrman, probably had, in addition to its scientific aspect, a hidden current of ideological criticism, stemming from Konrad's association with Nazism (see below).
The key elements of the debate can be summarized briefly. Lorenz had assumed a dichotomy between innate and learned behaviour. The former, according to his view, was genetically fixed and independent of developmental experience, whereas the latter developed as a result of interaction with the environment. This dichotomy was criticized on the grounds that all development is epigenetic rather than preformationist. Instead of a dichotomy, one should think of a continuum of relative importance of environmental and genetic influence on the adult phenotype. The classic 'isolation' or 'Kaspar Hauser' experiment in which animals are raised in isolation from normal opportunities to learn, does not (as Lorenz himself appreciated) how that behaviour develops without environmental influence, but it shows the range of conditions under which normal development is possible. Studies of behaviourial development in the past 40 years, for example the extensive literature on bird song development, shows how subtle the interplay between inborn predispositions and environmental influences can be.
hi his later writings, published first in German and later in translation into English (80, 101), Lorenz slightly shifted his ground. He argued that the use of the word 'innate' should be linked to the concept of adaptation rather than ontogeny. This is less contentious than his earlier use of the term to mean developmental immutability. He pointed to the parallel between associative learning and evolution (Pringle 1951 ). Both are processes in which just a few beneficial outcomes are selected from a wide range of initial possibilities. In the case of evolution, this selection takes place over many generations, whereas in the case of learning it occurs within a lifetime, but both lead eventually to adaptive behaviour. Innate in this context refers to behaviour that has acquired its adaptive nature from selection over evolutionary time rather than ontogenetic time.
In the same articles, Lorenz argued that even learned behaviour must have an innate basis: animals in the natural environment are genetically predisposed to learn the right things, most instrumental learning is 'trial and success' rather than 'trial and error'. This concept of an 'innate schoolmarm' went against the prevailing view in animal learning theory, that associations between stimuli and behaviours were 'equipotential', but presaged the findings of learning theorists in the 1960s that there are inborn predispositions for animals to le a rn p a r tic u la r a s s o c ia tio n s , re f le c te d in c o n c e p ts o f 'p r e p a r e d n e s s ', 'cue-to-consequence-specificity' and 'autoshaping'.
The idea of innate releasing mechanisms, predispositions of the perceptual pathways in the nervous system to respond to particular stimulus elements is nowadays recognizable, although in modified form, in neurophysiological studies of specific feature detectors in the visual and auditory pathways (Ewert 1980) . Although some of these stimulus-filtering mechanisms are largely inborn, others, equally specific, arise mainly as a result of individual experience.
Lorenz's concept of action-specific energy, most fully elaborated in the his famous 'hydraulic model' of motivation (38), usually referred to as the 'toilet flush' model was heavily criticized by Hinde (1956 Hinde ( ,1960 . There were two main lines of criticism. First, that the concept of single unitary drives for each behaviour system was too simplistic. Internal causal factors for behaviour are partly specific and partly general in their effects. Thus, increasing levels of androgens in chickens may have specific effects on sexual and aggressive behaviour and general effects on attention. Furthermore different ways of measuring drive gave different answers, again arguing against a unitary concept.
The second line of criticism was directed at Konrad's use of energy as a model for drive. The fact that he was strongly influenced by the work of Erich von Holst and others who demonstrated spontaneous coordinated patterns of electrical activity in the central nervous system of both vertebrates and invertebrates, suggests that Konrad intended his energy model to be not just a metaphor, but a black box model of how the nervous system works. Hinde pointed out that there is no physiological evidence for build up and spontaneous discharge of energy in the nervous system, and further, that behaviourial experiments do not uniformly show that thresholds of responsiveness decrease with increasing time since last performance of an activity, as predicted by the Lorenzian model (see also below in discussion of On aggression).
Apart from these conceptual criticisms, the use of drive as an explanatory intervening variable has faded because increased knowledge o f the physiological mechanisms underlying behaviour has rendered labels such as 'drive' superfluous. Nevertheless the discarding of Konrad's hydraulic model, which after all accounted for many empirical observations at an intuitive level, has left a gap in ethological theory. The phenomena that Konrad sought to explain, such as changing thresholds of responsiveness to a constant stimulus, displacement activities, vacuum activities and the interaction between competing motivational demands, are still poorly understood. Other attempts to construct general theories of motivation, including systems modelling and the application o f optimal control theory have not proved to be such powerful, all-encompassing, heuristic devices as the Lorenzian model. The whole field of motivation is currently in a quiescent phase as far as ethology is concerned, but is probably ripe for a fresh attack.
Phytogeny o f behaviour
Although less controversial than his work on instinct, Konrad's comparative studies of the courtship displays of ducks (20) in which he used, as had Heinroth before him, the displays of different species to construct their phylogenetic relations, was important and influential. The same information was also used by Lorenz and by J.S. Huxley, F.R.S., to construct probable pathways for the evolution of ritualized displays from their ancestral antecedent movements, a theme further developed by Tinbergen (1952) .
THE KANTIAN A PRIORI AND EVOLUTIONARY EPISTEMOLOGY
During the 1930s Konrad, became interested in the general question of how animals perceive the world. From the viewpoint of animal learning theorists, the answer was that information from the sense organs entered into associations between stimulus and response, or between conditioned and unconditioned stimuli. But for Konrad, observing the behaviour of animals under near-natural circumstances, this view seemed inadequate. Most animals would not have the time or opportunity to slowly build up, by association, an internal representation of the outer world before they were forced to act adaptively on it. A young starling, emerging from its nest hole and flying off, seeing the outer world for the first time, must have some kind of inborn capacity to 'make sense' of information from the sense organs within the first second. In Konrad's view, not only the motor pattern of flying, but also the capacity to perceive the outer world and react to it in an adaptive way must be inborn.
Konrad saw a connection between his thoughts and the classical philosophy of Kant, Hume, Spencer and others, who had pointed out that human internal representations, the capacity to categorize and form concepts, should be seen not as true pictures of the actual world, but as symbolic means of constructing a inner world corresponding to outer reality.
Konrad proposed a solution to the question of how internal representations in the mind come to correspond to outer reality, how the a priori of Kant arise, a question not addressed by Kant himself. The correspondence between the inner representation and the outer world was, in Konrad's view, an effect of a long history of selection for inner worlds that corresponded well enough to outer reality to enable an animal to act adaptively. This can be seen as an extension of the concept innate releasing mechanism, which allows the animal to respond adaptively without previous experience to certain key stimuli. Rather than thinking just of key stimuli, Konrad extended the idea to the whole of perception, especially the formation of categories. This idea was not new, but Konrad placed it firmly in a biological context.
In the late 1930s, Eduard Baumgarten, Professor of Philosophy at the University of Konigsberg (now Kaliningrad), asked Erich von Holst, a physiologist (and later co-director with Konrad at the Max Planck Institut in Seewiesen) who played viola in the string quartet in which Baumgarten played the violin, if he knew a psychologist with an interest in biology, epistemology and the theory of knowledge, somebody who would be a suitable candidate for the chair of comparative psychology (in effect sharing the chair held by Baumgarten himself). Von Holst suggested Lorenz. The suggestion was followed up, and in the autumn of 1940 Konrad arrived in Konigsberg, taking up the chair once held by Immanuel Kant. This was Konrad's first full-time, established, academic post.
Konrad was drafted for military service only a year later, so his time was short in Konigsberg, but he managed to publish several papers pertinent to his interests and his new position (24, 27, 28). However, his major work in this area, which he always maintained was his most important contribution to science, would not be written until four years later, and not published until 1973 as Die Riickseite des Spiegels (see below).
N a z i s m a n d t h e w a r y e a r s
The politically turbulent years in Austria before the War were to leave a black mark which to the end of Konrad's life stood in the way of acceptance, in some quarters, o f him both as a man and a scientist. Adolf Lorenz, coming from one of the many German-speaking communities on the fringes of the Habsburg Empire, was a firm and ardent believer in the common culture and the common destiny of all Germans (Die grosse deutsche Idee), surpassing national borders. His son also believed in this ideal, which was a widespread and influential idea in Austria and Germany at the time. Both father and son probably saw the annexation of Austria in the light of this pan-German thinking, and also (particulary Adolf) national socialism as part of the same ideal. Furthermore, Nazism had a strong side of futurism, of admiration for technology and modem progress, something that Adolf Lorenz and his son sympathized with. They ignored other, less desirable aspects of the movement, to the bitter regret in later life of Konrad, who accused himself of being 'naive ... stupid ... credulous ... at that time' (Muller-Hill 1988) .
For Konrad himself, Nazism had another attraction. He was, and always remained, concerned with what he perceived to be a gradual genetical decay of the human race as a result of the sheltering from natural selection that is experienced in modern society. He drew an analogy with domestication in animals, pointing to the deformed bodies, greediness, and indiscriminate and excessive sexual behaviour of domesticated animals such as pigs or geese, compared to their wild counterparts (23). This idea of genetical degeneration in civilized man was very widespread at the time, and had led to legislation concerning sterilization of retarded individuals in some European countries and compulsory marriage blood-tests in parts of the U.S. A. Nazism promised as one of its main ideas to pursue eugenic principles, which ultimately led, for example, to euthanasia programmes where severely mentally retarded patients were killed. This idea, to free the human race from detrimental genetic factors, is logically distinct from racism, the idea that some races are superior or inferior to others. More especially, it has no direct connection with antisemitism, of which Konrad was a very firm opponent.
The main criticisms against Konrad for his siding with the national socialist movement have concentrated on his commitment to eugenics. Although the concept of eugenics was subsequently recognized as being both theoretically na'ive and morally unjustifiable, many biologists of the pre-War period, such as Julian Huxley, F.R.S., subscribed to the eugenic view. In later years, Konrad still adhered to his position regarding domestication and degeneration, but acknowledged fully the dangers inherent in a practical application of eugenics. He deeply regretted his earlier views, accepting full responsibility for them (Muller-Hill 1988) .
Apart from writing two articles on eugenics and domestication, Konrad, according to his own record, was not politically active. He thus could not evade being conscripted at an early stage (1941), first as a motorcycle-riding instructor, then, once his medical training came to light, as a military psychiatrist on the Eastern Front. He saw action briefly in 1944, when the town where the military hospital was located was surrounded, and he succeeded, with a group of men, in breaking through the Russian lines and getting behind them. For several days, the men hid in the nearby woods, and a memory that Konrad sometimes used as an illustrative example was how a Russian soldier, who stood guarding an anti-tank gun and spotted Konrad running up a hill, amused himself by taking pot-shots with the cannon at the single, fleeing soldier. As Konrad said, this gave him a chance to experience very directly what it is like to be a hunted animal.
One morning, sleeping in a haystack, he woke up with a Russian rifle pointing in his face and, as he said, felt elated that his war was over. For the next three years, he was a prisoner of war, and because of his medical training worked as a camp doctor (which led to a prolongation of his captivity until 1947). Because of his mature age, he also acted as a general fatherly figure for many of the prisoners, and played an important part in keeping up morale, consoling, lecturing, telling stories and occasionally showing his considerable clowning abilities.
In the camp, he found time to keep various animals and hand-raise birds and to write down the first version of what he viewed as his most important work, which was finally published 30 years later as Die Riickseite des Spiegels (125) . His overal 1 plan was to produce a multi-volume tome on animal behaviour, including the part eventually published as Die Riickseite des Spiegals. As there was no paper available, he ironed old cement sacks and used these to write on, making his own ink of potassium permanganate. As he left the camp, a trusting Russian officer in Moscow gave his permission for Konrad to take back to Austria the original hand-written manuscript, relying on Konrad's word that it was identical in content with the typed, censored version. The book remained unfinished for years because Konrad did not feel absolutely satisfied with it and was keen to do his very best to give his theory of the evolutionary origins of cognition a proper representation. Even when it was published in 1973, Die Riickseite des Spiegels (The rear side o f the , which is a more accurate translation than the title used by the English publisher, Behind the ), the book was not widely read in the scientific community. However, it has become one o f the foci of a school o f thought, which under the title of 'evolutionary epistemology' (Wuketits 1990 ) is presently thriving in Austria. This development was a source of satisfaction for Konrad in his last few years, as he had always felt, that his fame and honours had been received not because of his really important contribution to science and philosophy, as expressed in Die Riickseite des Spiegels, but because of side lines to this focal point o f his work and his thinking.
THE POST-WAR YEARS
When Konrad returned to Austria in 1947, he was eagerly awaited by a group of enthusiastic young zoology students, working with Otto Koenig, who had created an institute in prim itive conditions at an old anti-aircraft com mand site on a hill, Wilhelminenberg, in a suburb of Vienna. But there was no actual position available, and despite many attempts to place Konrad, the only source of support was a scholarship from the Austrian Academy of Sciences, under the aegis of which an 'Institut fur vergleichende Verhaltensforchung' was founded in 1949. There were initiatives to create openings for him in other countries, for example in, England where W.H Thorpe, F.R.S., was active in trying to arrange a post for Konrad at the Wildfowl Trust at Slimbridge. Thorpe is also said to have approached Konrad about a job at the Madingley Field Station of Cambridge University. With time on his hands, and needing to supplement his income, he followed the advice of a friend and wrote a popular book on animals: Er redete dem Vieh, den Vogeln und den Fischen (35) , (He talked to animals, birds andfishes; a biblical quotation), illustrated largely with his own drawings. It was soon translated into English, as King Solomon's ring. To his astonishment, this popular book did more to make him and ethology known in academia as well as in the eyes of the public than any of his former work, because by reading it many were led to his scientific papers and to the discovery that a new paradigm in the study of animal behaviour was emerging. This was the case, for example, with Karl von Frisch, later to share the Nobel prize with Konrad. He followed this with a second popular book So Kam der Mensch aufden Hund (Man meets Dog), which also sold exceptionally well.
Largely through the efforts of Erich von Holst, Konrad finally received from the Max Planck Society an offer to establish an 'Abteilung fur Verhaltensphysiologie' in Buldem, Westphalia, in north Germany, where a wealthy nobleman, Baron Gisbert von Romberg, had agreed to sponsor the undertaking by providing accommodation. The new institute was part of the Max Planck Institute for Marine Biology at Wilhelmshaven, where von Holst was working. Konrad also had contact with the nearby University of Munster, where he was invited to give lectures. Konrad moved to Buldem in 1950 with his assistants. Increasing numbers of students turned up, including some sent by Tinbergen (by now at Oxford). Tinbergen himself also visited and renewed his friendship and cooperation, after a serious discussion that once and for all cleared the air regarding Konrad's writings during the War.
The Buldem institute was also host to the Second International Ethological Conference. In 1952, when Baron Gisbert von Romberg died, the institute had to move and, after lengthy negotiations, Konrad and von Holst, together with Gustav Kramer succeed in getting the Max Planck Society to sponsor the establishment of a new, large institute in Seewiesen, by a little lake deep in the woods southwest of Munich. This collection of three departments, each w ith its ow n D irecto r, becam e know n as the M ax P lan ck In stitu t fur Verhaltensphysiologie. It was founded in 1955 with von Holst as its first Executive Director (Geschaftsfiihrender Direktor). Konrad's department was completed in 1958, and in 1962, following von Holst's death, Konrad became one of the rotating Executive Directors o f the three departments.
SEEWIESEN IN THE LATE 1950S AND 1960S
The situation in Buldem had been very much like an extended family. The Lorenz household was open to all collaborators and guests at all times, and Konrad's attitude to his assistants and students was that of an intimate, fatherly friend. The primitive conditions and the uncertain situation helped to create a closely knit circle around Konrad in a daily, intense exchange of ideas. Konrad was always prepared to deliver an impromptu lecture, at the dinner table, swimming in the pond or while sitting watching his birds or fish. This intimate, family style continued in Seewiesen. Practically every evening, the private dinner-table of the Lorenz family was turned into a seminar, with 10 or even 2 0 people dropping in. By this stage Konrad was, together with Tinbergen, one the world's leading figures in the field of ethology. Consequently many visitors came from all over the world and it is probably fair to say that most senior ethologists of that period participated in one or more of these dinner-time seminars.
Much as this style was appreciated by many pupils, students and guests, there were also critics who thought that Konrad dominated the scene too much, that his style was too personal and too familiar, and that the institute should be run more according to normal rules. The latter became apparent when Gretl, accustomed to running family affairs on a day-to-day basis, applied the same skill and rather inflexible authority to the running of the institute and as a consequence finally clashed with the Max Planck authorities, who wanted to 'negotiate with the Professor, not with his wife'.
Konrad was an inspiring conversation partner and teacher, but he took little interest in being institute director. He thought it vulgar and pushy to apply for more money than he found absolutely necessary, leading to sometimes absurd situations where grant-givers had to volunteer to give more than he applied for. He also had a tendency to be interested in the work of the doctoral students only in so far as their results fitted in his own thinking at the time. Another common complaint was that he was prone, when a student related his or her latest results, to become very enthusiastic about some aspect and suggest a brand new thesis, which made it hard for less self-confident students to get on with their work and finish it. An interesting commentary on Konrad's relationship with his close co-workers comes from his bibliography: apart from his early collaboration with Tinbergen (see above), Konrad did not do any joint work that resulted in coauthored publications. Konrad also had little thought for the existential needs of his co-workers, perhaps because he himself had never been in a situation where a prime concern was to earn a living. Sometimes, he did not take a lot of trouble to help his students to obtain positions outside the institute and sometimes not even within it. It was clear that administrative responsibility was a burden to him.
During the 1960s, his personal influence on the academic world of behaviourial sciences was at its zenith. In addition to the steady stream of visitors to Seewiesen, Konrad was the dominant figure at international conferences and rarely failed to comment on lectures and participate in discussions, enthusiastically, optimistically and positively. His achievements were recognized by many honorary degrees, awards and honours, culminating in 1973, the year of his retirement, in the award of a Nobel Prize for Physiology or Medicine, shared with Tinbergen and von Frisch ' ... for their discoveries concerning the organization and elicitation of individual and social behaviour patterns'.
R e s e a r c h a n d w r i t i n g i n t h e 1960s
The work at Seewiesen inspired directly by Konrad during the 1960s included that of Schutz (1965) on sexual imprinting in waterfowl, and Nicolai (1964) on the role of imprinting and early learning of songs in the co-adaptation of brood parasitic Vidua and their hosts. In the field of motivation, experiments by Rasa and by Heiligenberg tested some of Lorenz's ideas on the control of aggression (see below). Schleidt (1961) extended the hawk-goose experiments by showing that, at least in part, the difference in response to the 'hawk' and 'goose' stimuli arises through habituation to familiar objects. Greylag geese were kept in seminatural conditions on and around the small lake (Ess-see) at Seewiesen, but it is hard to identify any important piece of work justifying the immense effort that went into keeping them, although they continued to be a source of inspiration and writing for Konrad.
Konrad's most important and influential work during the 1960s was his book, On aggression, originally published in German as Das sogennante Bose ( so-called evil) (89) . The thesis of the book is that intraspecific aggression (distinguished by Konrad clearly from predatory killing, which is to do with feeding not fighting) is innate, usually builds up due to accumulation of action-specific energy and therefore has to be discharged in one way or another, and is normally regulated in the wild by submissive behaviour which ensures that fighting to the death is rarely seen. In man, an abnormal state of aggression has arisen for two reasons: natural outlets are often suppressed and weapons of destruction at a distance overcome the adaptive submissive signals that inhibit killing. The book is powerfully argued and was influential at the time and is still reflected in popular writings on human violence. A frequently expressed view (for which there is no evidence), for example, is that if crowd violence at football matches were successfully eliminated, the aggression would have to find an outlet elsewhere and new forms of violence would emerge.
However, in many respects On aggression is flawed. First, many careful experiments with animals have shown that aggression does not build up as a result of non-performance, as assumed by Konrad (Berkowitz 1962) . Second, experimental studies have shown that the degree of aggression exhibited by individuals towards others of the same species, rather than being a rigid, species-specific trait, may be flexibly tuned to the ecological costs and benefits of fighting. Third, Konrad was, in retrospect, wrong in assuming that to a large extent killing of conspecifics is inhibited in natural populations. The well-documented and widespread phenomenon of infanticide, for example, shows that killing does after all occur in wild populations under apparently normal conditions. Furthermore, the occurrence of infanticide can, at least in some circumstances, be accounted for in terms of individual costs and benefits. It is perhaps unfair to criticize Konrad for failing to appreciate this last point, because both field observations and the theoretical framework of inclusive fitness within which they are usually interpreted came after he had written the book.
R e t i r e m e n t
It was generally expected in the world outside Seewiesen that after his retirement, Konrad would remain in Seewiesen as an Emeritus Director. It seems that he himself had this expectation. But, perhaps understandably, this did not fit with the plans of his nominated successor (G.P. Baerends from the Netherlands, who in the end did not take the job), or of the Max Planck Society, and he left Seewiesen in 1973. A rather impromptu institute had been set up, with the help of the Cumberland Foundation and the Austrian Academy of Sciences, in Griinau in an alpine valley in mid-Austria, adjacent to a small zoo. It was hardly a suitable place to keep geese, and it took time and effort to establish the goose colony from Seewiesen in its new home. Konrad's other commitments, combined with declining health soon led him to shift the focus of his activities back to his family home in Altenberg, where the Austrian Academy of Sciences provided money to establish a special institute devoted to Konrad's work. He used his Nobel prize money to build a giant coral reef fish aquarium in a garage on a neighbouring property, where he spent an hour or two every day, observing and taking notes, but also receiving visitors. During this period he published two books summarizing his critique of civilization, Die acht Tiodessiinden der zivilisierten menschgheit (1973) , followed up by Der Abbau des Menschlichen (1983) . He also finally completed his textbook The foundations o f ethology (1978) , but by the time it appeared it was already dated.
In the 1970s he also became involved in 'green politics'. He was especially active and influential in preventing the opening of Austria's first nuclear power plant, at Zwentendorf. An ironical consequence of this victory was that instead a hydroelectric power plant was built on the Danube near Altenberg, which had the effect of destroying some of the marshes and forests (Auen) where Konrad had spent so much time as a child. Having objected to the nuclear plant at Zwentendorf, Kondrad felt unable to object to the alternative at Altenberg He did, however, take an active role in another campaign in 1984, to preserve the riverine forest on the Danube at Hainburg in eastern Austria, where a similar dam was planned.
In relation to his research work, he gained particular pleasure from establishment of weekly seminars on evolutionary epistemology in Altenberg, instigated by Rupert Riedl, a biologist and Erhard Oeser, a philosopher. As we have mentioned earlier, Konrad saw this subject as his most important contribution to science. The Lorenz mansion at Altenberg now houses the 'Konrad Lorenz Institute for Research on Evolution and Cognition', continuing the line of work set out by Lorenz in Die Riickseite des Spiegels.
EVALUATION
Konrad Lorenz was an unusual mixture of inspired and creative scientist, pet-lover, amateur (in the best sense) naturalist, folk psychologist, popularizer and philosopher. He did not make an easily identifiable 'discovery'; and his research style differed from the typical pattern of present-day scientists, in which replication, experiments with controls, statistical analysis and quantitative measurement play a pivotal role. His methods seemed to owe as much to his fondness for animals in his early youth and his medical training (one could say that he observed his animals in the way that an experienced doctor observes a patient and uses a 'gestalt' rather than any formal procedure for diagnosis) as to any formal scientific protocol. This does not diminish the stature of his contribution to science. Without question he has had, through his writings and his powerful charismatic personality, an enorm ous influence on the way all behaviourial scientists, including biologists, anthropologists, psychologists psychiatrists and philosophers, think about animal and human behaviour. He certainly was one of the most influential advocates for viewing animal behaviour in an evolutionary context, and for the idea that animals should be studied not only as models for aspects o f human behaviour, but also in their own right. Perhaps the single most pervasive general idea that one can extract from his work is the notion that there are inborn species differences in behaviour and that these can be studied objectively and analytically.
On another level, Konrad's popular writings are still among the very best books on animal behaviour. In a survey done in 1989 by the American Animal Behaviour Society, in which members were asked which single book on animal behaviour they would recommend for a student to read, King Solomon's ring by Konrad Lorenz came out as the clear winner. Wuketits (1990) with supplementary information) Salzburg
